Basic science education provides the most fundamental knowledge for preparing students to pursue departmental major courses. Considering that basic science courses are laboratory classes conducted alongside theory classes, the factors affecting instructor-student communication and feedback can vary between theory and laboratory classes. We applied the ordinary least squares model to the refined data of basic science courses. We drew on variables reflecting instructor-student interaction such as class size, type of subject, and instructor characteristics to analyze the factors affecting student satisfaction with theory and laboratory classes. The analysis results indicated that the educational environment of a large-sized class could be improved by subdividing it into smaller groups to facilitate feedback. The use of online platforms to supplement offline courses provides an additional mechanism for the exchange of feedback and positively affects student satisfaction. We also confirmed empirically that the instructor-student communication which takes place during laboratory work, in contrast to the one-sided conveyance of course materials by the instructor in lectures, was a crucial factor in the quality of education. These results are linked to the demand for knowledge in engineering education, the student's educational performance, and the labor market performance needed to establish a sustainable system in engineering education.
Introduction
Student evaluations of teaching are very important to students, faculty, and administrators in both higher education and science education. Most universities employ student evaluations in some form as a measure of the efficacy of instructors and lectures [1] , making them a key factor in determining not only the quality of an instructor's performance but also the quality of the education provided [2] [3] [4] [5] [6] . In the absence of firsthand, real-time data on classroom environments, outcomes, and instruction characteristics, student evaluations have become a useful alternative, contributing to the literature on higher education relating to factors affecting teaching quality. Universities have developed relatively complex procedures and instruments for collecting, analyzing, and interpreting these data, as they are often the sole indicator of teaching quality [7] .
Teaching evaluations are widely used in many studies related to higher education because this approach allows researchers to identify the various factors operating in the classroom that affect the overall learning process, from those that rest with individual students (e.g., learning performance and expectations for learning outcomes), to those having to do with classroom teaching (e.g., clarity of instruction, adequacy of course materials, and instruction methods), individual instructors (e.g., faculty competence and enthusiasm), to overall satisfaction, and so forth. Student evaluations provide insights and information useful in improving teaching quality while also serving as evidence of institutional accountability (e.g., demonstrating the presence of adequate procedures for ensuring teaching quality [8] ). Also, teachers are convinced of the value of student evaluations for providing feedback on their teaching [9] [10] [11] . The results obtained from student evaluations help instructors improve the quality of their teaching, as such evaluations provide insight into the strengths and weaknesses of their teaching practices that are based on their students' opinions. For this reason, many instructors welcome the results of student evaluations to improve their subsequent teaching. Many studies in the field of education have employed student evaluations to examine instructor and lecture efficacy, generally finding that student, course, and instructor characteristics significantly affected evaluation score [10, [12] [13] [14] . In fact, these studies have observed a significant effect between student attitudes toward teaching evaluations of teaching and the success of a teaching evaluation system. For example, many studies have tried to examine the effects of faculty characteristics, such as age, gender, and position [15] [16] [17] , while others have focused on the effects of course characteristics, such as course type or class size [12, 15, 18] . As for student characteristics, some studies have indicated that the relationship between a student's grade and his or her evaluation is a reflection of either teaching effectiveness or student learning [7, 19] .
Nonetheless, while many previous studies have analyzed the correlations between student evaluations and such variables as individual courses, students, and instructors [4, 15, 18, [20] [21] [22] , most do not focus on a particular field. As the factors affecting student evaluations vary across academic fields, it is important to conduct analyses in ways that suit the characteristics of each academic major. In particular, there is almost a complete lack of research drawing on data derived from the educational environment in the sciences.
Our research, therefore, looks at how such factors such as teacher experience, class size, and type of course delivery influence students' satisfaction levels in theory and laboratory classes in basic science and mathematics. We highlight how the interaction between instructor characteristics and educational environment, such as class size, course type, and mode of course delivery, influence student evaluations in the instructor-student-educational environment. Considering the characteristics of laboratory courses especially, instructor-student interaction is most effective when part of an active learning environment that requires students to stand, move, or manipulate items rather than simply to sit through a traditional lecture, discussion, reading, or chalk-board presentation [23] . In this respect, although some studies examining student evaluations expected the quality of the education environment to increase with an increase in teaching experience since more time in the classroom should increase the quality of one's teaching [24, 25] , we have found that the interaction between instructor characteristics and educational environment are more important in laboratory courses than in other offline courses, even including theory classes.
In addition, while previous studies examined the determinants of student evaluations in a general field, this study targets basic science and mathematics courses. Basic science and mathematics courses are cornerstone courses offered by physics, chemistry, biological sciences, and mathematics departments that provide the fundamental background for pursuing a major in the sciences in addition to higher-level courses in mathematics; because these courses make up a unique foundation essential to future study, it is important that we understand the factors that contribute to a successful learning environment in these specific fields. In Korea, universities have difficulty implementing mathematics courses for liberal arts subjects given the serious disparities in educational attainment among new students; this is associated with university admission procedures, as each university applies different criteria for early acceptance; cross-applications are allowed and special favor is given to socially-favored students or to those from rural areas and vocational high schools [26, 27] . Furthermore, despite the importance of hierarchy in mathematics, most students majoring in engineering subjects find the subject difficult because their prerequisite knowledge in mathematics is insufficient [28] . Therefore, basic science and mathematics courses provide the most fundamental and essential knowledge for preparing students to pursue departmental major courses in the natural sciences and engineering, and the need for student evaluations in science education has been a topic of much research [29] [30] [31] .
Still, most of these studies were concerned with employing student evaluations as a proxy variable for faculty instructional techniques in order to analyze their effects on student achievement [31] , while others used questionnaires designed to conduct comparative analyses across certain courses [32] . For example, Liu, Tan, and Chu [33] looked at the relationship between student learning and environments that are supported by mobile, embedded computer, and wireless networks with the educational resources that were available to promote learning in the natural sciences. This research was based on data obtained by a questionnaire administered to 72 fifth-grade students and four natural-science teachers. Tan, Lin, and Chu [34] also analyzed 218 responses provided by students in an open-question survey and interviews as well as through transcripts from researcher observations and student discussions to determine the effect on students' performance in natural science courses from factors such as the pedagogical strategies used and the educational environment. The previous studies reported that field trips and positive feedback led to improved student learning. Although these studies were limited in their analyses because they used only a small-scale observational design using questionnaires, they are valuable in a context where natural science education data is lacking.
The reason we have focused on science education is that the field includes laboratory classes conducted alongside theory classes. A substantial number of recent studies have emphasized the advantages of active learning [35, 36] . Active learning stems from any class activity that "involves students in doing things and thinking about the things they are doing" [37] . In short, the core elements of active learning involve student activity and engagement in the learning process. Active learning is often contrasted with the traditional lecture, where students passively receive information from an instructor; in general, laboratory activities are considered "active" [38] . For example, Freeman et al. [36] asserted that active learning in laboratories maximized student learning and course performance when comparing students' theory and practical performance in undergraduate science, technology, engineering, and mathematics (STEM) courses. Despite this, previous studies have not sufficiently identified the factors affecting laboratory or experiment classes (as opposed to lectures in general), which has motivated some educators and researchers to ask how to improve student satisfaction with laboratory or experiment classes. In many cases, there are studies describing laboratory work for the natural sciences that involve providing cookbook-style recipe experiments for instructors or students [39] [40] [41] [42] [43] . According to these studies, even in laboratory classes, students only rarely experience freedom in their thinking or in the latitude given to them for their approaches to solving a given problem. This kind of restriction of hands-on work has been evident in the Trends in International Mathematics and Science Study (TIMSS) and Programme for International Student Assessment (PISA) studies conducted since 1997 [39] .
As a result, despite the potential for science education laboratory classes to serve as an effective means of improving student achievement, existing studies have focused primarily on experimental methods, including the instructor's role in stimulating students with questions to resolve a specific problem and providing feedback to students. While the effects of experimental methods on student achievement in science courses continue to be debated, albeit only at the theoretical level, this study used empirical analysis to examine which effects are significant. Most studies have failed to review classroom learning environments as well as the variables identifying teacher-student interaction. We, however, have focused in particular on how factors such as instructors' capacity for communication and class types that are more conducive to feedback among other factors, affect satisfaction with each type of class. Although our analysis focuses on basic science and mathematics courses, our findings may present possible directions not only in science education but also in general education.
This paper is divided into six main parts. The next section presents the theoretical framework regarding teacher-student interaction in student evaluations of teaching. The third section outlines the models and associated hypotheses for the analyses of student characteristics and student evaluations, while the results are examined in the fourth section. A discussion follows in the fifth section, and the paper ends with some brief concluding remarks in section six.
Theoretical Framework
Previous research on student evaluations has tended to focus on the cultural and statistical validity of student surveys, the process of evaluation, and the subsequent changes implemented by faculty [44] . There is a scarcity of studies examining the effects of the immediate reaction by faculty. Over the last two decades, there has been a shift in the way teachers and researchers have written about student learning in higher education. Instead of characterizing it as a simple acquisition process based on teacher transmission, learning is now more commonly conceptualized as a process whereby students interact with subject content, transforming and discussing it with instructors and others [45] [46] [47] . Educational researchers have emphasized the importance of teaching methods and techniques by exploring the impact of learning differences on students' responses to learning [48, 49] . The literature on human resource studies has recognized not only the general need to design and implement feedback systems, but also the specific need to understand and empirically analyze the importance of feedback reactions [50, 51] . In science education, specifically laboratory/experiment classes, students' reactions to feedback, and other factors in the educational environment may play a key role in helping students attain higher achievement and in informing instructors' efforts to improve their teaching. Ambrose et al. [52] recommended the use of adequate and effective feedback to improve students' positive expectations of their classes. Therefore, we reviewed previous studies related to the learning environment and supported by feedback in order to develop our three-factor theoretical model, which includes class size, mode of course delivery, and teacher experience as sub-sections of student evaluations. Figure 1 illustrates three instructional forms designed to promote students' active participation and instructors' feedback. In effect, the feedback and communication responses have to be interpreted, constructed, and internalized by the student when he or she responds and details his or her satisfaction [53] . 
Class Size Effect
A student may gain access to high-quality learning opportunities through attending classes of varying sizes, depending on the topic of the course. The class size effect is specific to certain dimensions of effective teaching, namely group interaction and communication among instructors and students [12, 54] . This indicates that class size has a significant impact on the effectiveness of teachers' classroom teaching and students' performance. Depending on class size, theory or laboratory classes aim to generate useful insight into how, in large and small classes, learning for a range of different purposes can best be promoted. For instance, in large classes, efficient use of teaching assistants and visual aids will maximize teaching [55, 56] . However, Carbone and 
A student may gain access to high-quality learning opportunities through attending classes of varying sizes, depending on the topic of the course. The class size effect is specific to certain dimensions of effective teaching, namely group interaction and communication among instructors and students [12, 54] . This indicates that class size has a significant impact on the effectiveness of teachers' classroom teaching and students' performance. Depending on class size, theory or laboratory classes aim to generate useful insight into how, in large and small classes, learning for a range of different purposes can best be promoted. For instance, in large classes, efficient use of teaching assistants and visual aids will maximize teaching [55, 56] . However, Carbone and Greenberg [57] found that large class size reduces the frequency and quality of instructor interaction with and feedback to students. As class size increases, teachers tend to lose the ability to consider the diverse characteristics of students, and instructor-student interaction is reduced markedly. Conversely, smaller class sizes allow for more immediate feedback compared to larger class sizes. As demonstrated by Light [58] , a relationship between students' active involvement in higher education in general and their enrollment in small-sized classes is suggested, because active involvement in college education is strongly correlated with instructor-student interactions [59, 60] . In addition, the effect of small classes on progress in mathematics is that students are stronger at all ability levels [55] . This suggests that smaller class sizes may be better suited for mathematics-based, natural science, and engineering courses, and, in particular, for courses with laboratory/experiment classes, where instructor-student discussions or group interactions play an important role.
Mode of Course Delivery Effect
Another factor in the educational environment that may facilitate interactions and feedback is class type. Students tend to prefer face-to-face classes to online courses-the reason for this may be the latter's lack of personal contact between students and teachers [61, 62] . However, the online courses examined in these studies featured no materials uploaded to the online platform and no activities such as instructor-student communications. Estelami [63] proposed that hybrid-online courses (a combination of online and traditional classroom teaching) have the potential to positively affect course satisfaction because such hybrids could allow for the efficacious use of course content, student-teacher communication, and effective learning tools. In modern STEM courses, the use of science education videos, an online resource, significantly improved student learning and reinforced conceptual understanding for important foundational concepts, and these results hold even for students who did not feel positively toward the videos [64] . Therefore, the online platforms in the hybrid online/offline basic science and mathematics courses considered in this study play a supplemental role in the support of offline classes; they serve as a repository for course materials covered in class-thus allowing for preparation and review-while also facilitating feedback on instruction and homework. The use of hybrid online/offline basic science and mathematics courses may influence the communication and feedback aspects of course satisfaction.
Instructor Experience Effect
Instructors play an important role in determining course satisfaction as they participate in interactions with students and convey feedback. In natural sciences courses, especially laboratory-based learning, the expertise and practical knowledge of experienced instructors play an important role [65] [66] [67] . For example, the role of experienced science instructors is focused on promoting students' understanding and interest in laboratory work on the basis of their accumulated knowledge and expertise, which is different from the role of science instructors with little or no experience [67] . Pintrich [66] also suggested the need for instructors' professional and experience-based feedback to improve student participation in classes and to help students create effective learning experiences, both of which are necessary for students to learn to tackle complex problems. According to Litzinger et al. [65] , instructors are required to have enough experience to help students identify and effectively use the knowledge and skills required for practical work. Centra [68] has examined student instructional ratings across multiple fields of study, including a group of natural sciences courses from 2-and 4-year colleges, and found that courses in the natural sciences tend to receive lower course and instructor ratings than courses in other disciplines. Many science instructors believe that when students perceive a course to have a high workload, they will rate the course and the performance of the course instructor poorly [16, [69] [70] [71] . Moreover, any concern over low student satisfaction with teaching in science courses is associated with the belief that students are required to demonstrate their creativity in these subject areas [71] . Whether instructors agree with this practice or not, the instructors in the sciences faculty focus their teaching methods on maintaining teacher-student interaction in accordance with the characteristics of related courses and with the aim of improving student satisfaction [70] .
Therefore, in consideration of the education characteristics in science departments, the empirical analysis of science courses must be conducted separately from that of other majors. Courses in science departments must strike a balance between the theoretical backgrounds imparted in the classroom and the practical work and investigative methods of learning that are imparted through hands-on laboratory classes. Thus, instructors teach both practical work and investigative methods of learning [72] . As laboratory-based classes allow for the immediate evaluation of students' degree of learning, facilitate instructor-student interaction, and rely more heavily on feedback, instructors with more experience may be more effective in such settings [73] . Accruing such experience requires a significant investment of time, and the resulting expertise and experience are characteristic of tenure-track faculty, particularly senior faculty. Compared to part-time instructors, full-time instructors who are more directly affected by lecture evaluation scores (particularly for promotion and tenure decisions) have a relatively stronger sense of responsibility regarding their lectures and are more enthusiastic about communicating with students [7, 17, 24, 25] .
Student Evaluation Data and Empirical Models
As noted, the data for student evaluations used for this study included all basic science and mathematics courses offered at a university in South Korea, from spring 2012 to fall 2015. The College of Science comprises the departments of physics, mathematics, biological sciences, and chemistry, with each department offering theory classes for exploring the theoretical aspects of each academic major and laboratory/experiment classes wherein students test and familiarize themselves with the materials covered. From 2012 to 2015, there were 51,399 students enrolled in theory classes in the basic sciences and mathematics courses offered by the College of Science, whereas the number of students who took laboratory classes was 12,132.
We applied the ordinary least squares (OLS) model to the refined data of basic science courses. OLS estimates are effective unless parameters such as instructor experience, class size, and online delivery are fully correlated. Satisfaction in the questionnaire usually shows a rational choice; however, the gap between the standard size and choice is hardly significant economically. A study by Blanchflower and Oswald [74] reports that estimates based on the ordinary methods and OLS, do not produce significant differences in the results. When testing for variance inflation factors, OLS is the appropriate estimation technique. In the existing literature dealing with the determinants of student evaluations, OLS is used to examine the relationship between instructor, student, and class characteristics as well as student satisfaction [4, 8, [75] [76] [77] [78] . The objective was to estimate the impact of instructor-student instruction variables on student satisfaction with the course. Let
where Satis i , the dependent variable, represents the satisfaction scores of student evaluation; log(C i ) is the natural log of class size; D i is dummy variable indicating whether the course was a hybrid course; X is is the vector of instructor characteristics such as tenure and rank; and P ik is the vector of student characteristics such as age, gender, and grade-affecting satisfaction, the year and semester that each course was offered, and major; and ε i is the residual error term. The key variables identifying instructor-student interaction are class size, whether or not the course is hybrid, and instructor characteristics. Summary statistics for all the variables are reported in Table 1 . The summary statistics demonstrated that theory and laboratory classes have differences in course and faculty characteristics. 
Dependent Variable
The student evaluations were anonymously conducted online at the end of classes before students had been informed of their test results, and only the evaluation results were available to instructors. Approximately 91.3% of the students participated in the evaluations, possibly due to the caveat that they could apply an objection during a specific period of time, if desired, after checking their grades. In this study, student evaluations were measured based on the answers to the item "I have obtained lots of knowledge and practical experience." The measures of the satisfaction evaluation were coded into five different levels: (1) poor, (2) fair, (3) good, (4) very good, and (5) excellent. The average satisfaction score for theory classes (3.94) was higher than for laboratory classes (3.92). Likewise, differences were observed in class size, class type, and faculty characteristics between theory and laboratory classes.
Independent Variables
Following the literature, the determinants of student evaluations are likely to fall into several categories [4, 8, 25, [75] [76] [77] [78] . The first are instructor characteristics, such as tenure and rank. Looking at these characteristics, the average years of tenure for instructors of theory classes was 7.1. Full-time instructors comprised full professors (26%), associate professors (13%), and assistant professors (15%), whereas part-time instructors (lecturers) accounted for a large percentage (46%) of instructors. The average number of years of tenure for laboratory class instructors was 12.5, with full professors accounting for the majority (59%) of instructors.
Course characteristics make up the second group of determinants of student evaluations. We included the natural log of class size and dummy variables indicating whether the course was a hybrid course and/or a course in the student's major. The average class size was 79 in theory classes and 28 in laboratory classes. "Hybrid course" refers to a course with a mix of online and offline classes, with core lectures and discussions taking place in offline classes and the online platform functioning as a repository of materials covered in class to aid with preparation and review, and as a channel for real-time Q&A interactions. Hybrid courses accounted for 65% of the theory classes and 50% of the laboratory classes.
Student characteristics, such as age, gender, and grade, make up the third group of determinants of students. Here, we included dummy variables representing the year and semester that each course was offered in order to control for changes in student composition and preferences over time. Looking at student characteristics, 20% of students in the total enrolment for both types of classes were female. The average age of the students was 20, indicating that the majority of students taking basic science and mathematics courses were younger students, mostly in their freshman year. The final and expected grades were measured using a 4.5-grade-point scale, with expected grades being obtained via the student evaluation questionnaires. Figure 2 depicts the distribution of student satisfaction for theory and laboratory classes as recorded in the student evaluations dataset used in this study. The score for student satisfaction indicates a mean value of the evaluation results with respect to an individual's class organization (whether classes are provided as planned), course content, evaluation of assignments and tests, instructor's passion and sincerity, amount and quality of feedback, level of acquired knowledge, and so forth. Compared to scores for theory classes, those for laboratory classes appears to be evenly distributed at three, four, and five levels. This implies that, even for the same laboratory course, there is a very wide range of factors that may affect course evaluation scores, such as instructional method, faculty characteristics, and student characteristics. Therefore, in this study, it was important to identify the faculty, student, and course characteristics that affect course satisfaction through an empirical analysis of university lectures in science education and through a comparative analysis of theory and laboratory classes. In particular, we examined how the effect of teaching styles that facilitate instructors' communication and feedback differs between the two teaching modes of theory and laboratory. Teaching-evaluation systems are intended to provide an opportunity to improve teaching quality by promoting communication between students and instructors. As feedback items were added after 2012, it became possible to evaluate whether any means of communicating with students were always open for instructors. (whether classes are provided as planned), course content, evaluation of assignments and tests, instructor's passion and sincerity, amount and quality of feedback, level of acquired knowledge, and so forth. Compared to scores for theory classes, those for laboratory classes appears to be evenly distributed at three, four, and five levels. This implies that, even for the same laboratory course, there is a very wide range of factors that may affect course evaluation scores, such as instructional method, faculty characteristics, and student characteristics. Therefore, in this study, it was important to identify the faculty, student, and course characteristics that affect course satisfaction through an empirical analysis of university lectures in science education and through a comparative analysis of theory and laboratory classes. In particular, we examined how the effect of teaching styles that facilitate instructors' communication and feedback differs between the two teaching modes of theory and laboratory. Teaching-evaluation systems are intended to provide an opportunity to improve teaching quality by promoting communication between students and instructors. As feedback items were added after 2012, it became possible to evaluate whether any means of communicating with students were always open for instructors. Table 2 reports the estimated effects of feedback-related factors on course satisfaction in basic science and mathematics courses offered by the College of Science. Model 1 displays the results for all basic science and mathematics courses. This model was designed to identify the effects exerted by characteristic variables in fundamental courses that combine both science education theory and practice on student satisfaction with teaching and to examine the influence of feedback-related factors in a concentrated manner. The analysis results indicated that, in comparison to satisfaction in theory classes, satisfaction in laboratory classes was estimated to decrease by approximately 0.16. Furthermore, the effect of the interaction term differed from the effect of a simple dummy variable such as tenure, class size, and mode of course delivery. For example, the classes that had more experienced laboratory instructors resulted in more highly-satisfied students. The smaller the size of the laboratory classes, the more effective the satisfaction. Also, when laboratory classes were supplemented by an online platform, student satisfaction was higher. Table 2 reports the estimated effects of feedback-related factors on course satisfaction in basic science and mathematics courses offered by the College of Science. Model 1 displays the results for all basic science and mathematics courses. This model was designed to identify the effects exerted by characteristic variables in fundamental courses that combine both science education theory and practice on student satisfaction with teaching and to examine the influence of feedback-related factors in a concentrated manner. The analysis results indicated that, in comparison to satisfaction in theory classes, satisfaction in laboratory classes was estimated to decrease by approximately 0.16. Furthermore, the effect of the interaction term differed from the effect of a simple dummy variable such as tenure, class size, and mode of course delivery. For example, the classes that had more experienced laboratory instructors resulted in more highly-satisfied students. The smaller the size of the laboratory classes, the more effective the satisfaction. Also, when laboratory classes were supplemented by an online platform, student satisfaction was higher. Table 3 describe the results of analyzing theory classes and laboratory classes separately for the effects of feedback factors including faculty, student, and course characteristics on course satisfaction. 
Main Results

Model 3 and Model 4 of
Tenure (in years) −0.003 ** 0.004 *** (0.002) (0.001) 
Class Size
Higher levels of log class size negatively affected course satisfaction in Model 1. According to the results of separate analyses of theory and laboratory classes, while class size had no statistically significant effect on satisfaction in the case of theory classes, smaller classes were found to be more effective in the case of laboratory classes. Specifically, it was estimated that average satisfaction decreased by 0.083/100 when the number of students in the laboratory class increased by 1%. It is hardly surprising that smaller class sizes are more conducive to livelier exchanges of feedback. In smaller classes, students can expect to be satisfied with the feedback they receive.
Mode of Course Delivery
E-learning-a form of education supplemented by online/offline platforms-was found to be efficacious in Model 1. In Table 3 , while the availability of hybrid online/offline courses had no effect in the case of theory classes, laboratory classes via hybrid platforms were associated with satisfaction scores approximately 0.06 higher than those of offline-only courses. These results suggest that, unlike theory classes, where instructors generally convey the course material to students in a one-sided manner, laboratory-based classes consist primarily of student participation, thus underlining the importance of an educational environment that encourages instructor-student communication. Students may be able to gain higher course satisfaction by using online platforms for preparation/review purposes in addition to Q&A activities.
Instructor Experience
Looking at the faculty characteristics associated with feedback factors in Model 1, years of tenure had a negative effect on student evaluations while courses taught by full-time instructors rank were found to be associated with higher student satisfaction compared to those taught by part-time lecturers.
In Model 3 and Model 4, the results indicated that instructors with longer tenure tended to negatively affect course satisfaction in the case of theory classes, while the distinction between full-time instructors and part-time lecturers had no statistically significant effect on satisfaction. Instructors with longer tenure were associated with higher course satisfaction scores in the case of laboratory classes, while full professors, associate professors, and assistant professors scored 0.08, 0.15, and 0.20 higher, respectively, compared to part-time lecturers. These results suggested that theory classes in science education exhibit similarities to the evaluation of general lectures, in that professors with longer years of tenure may prioritize research over teaching, in addition to the tendency for the faculty with longer teaching experience to overlook updating the course material (faculty who had familiarized themselves with the course tended to use existing handouts, assignments, or presentations). For example, Spencer and Flyr [79] found that only 23% of faculty reported making changes to their teaching based on student evaluation results. In contrast, in the case of laboratory-based classes, we found that faculty experience and rank played important roles in students' course satisfaction. As stated earlier, effective laboratory classes require instructors to strike a balance between practical work and investigative methods of learning through their teaching. Furthermore, faculty experience and sense of responsibility play important roles in ensuring that feedback is exchanged promptly.
Interaction Effects of Class Type and Feedback-Related Factors
The analysis results of Model 1 revealed significant effects of feedback-related factors on basic science and mathematics courses. However, those effects varied depending on the class type, as suggested in the theoretical framework and by previous studies. Therefore, by including the interaction terms among laboratory classes and tenure, the log of class size, and the hybrid course dummy, Model 2 examined the interaction effects between laboratory activities and feedback-related factors on course satisfaction. By integrating these interaction terms into the model, we could identify the feedback effects corresponding to each type of theoretical and practical basic science and mathematics class. The analysis results suggested that, while longer tenure negatively affected course satisfaction in theory classes, the opposite effect held true in the case of lab classes compared to theory classes. Contrary to the findings of earlier studies, where more senior members of the faculty tended to become negligent in their teaching duties due to their research commitments [24, 25] , our results suggested that instructors' experience plays a crucial role in teaching laboratory-based classes, as more time in the classroom increases teaching quality. Furthermore, smaller class sizes and hybrid course availability were found to be more efficacious for improving satisfaction in the case of laboratory classes compared to theory classes. As factors such as faculty experience, class size, and hybrid course type informed the feedback-related educational environment, the significant interaction effects indicated that these feedback factors were functioning effectively in laboratory-based classes.
Other Determinants
Although there is a lack of agreement among previous studies regarding the effects of student characteristics such as age and sex [19, 80, 81] on student satisfaction with a course, in the case of basic science and mathematics courses offered by the College of Science, older-age students were associated with higher satisfaction, and female students tended to have lower course satisfaction compared to males. The received grade was found to have no effect on satisfaction, whereas higher expected grades were associated with higher satisfaction. Table 4 reports the estimation results for each department. Among the four departments, the feedback effect is relatively more pronounced in the case of physics. While the year of tenure of physics instructors had no effect on course satisfaction, full-time instructors were found to be more effective than part-time lecturers. Furthermore, smaller class sizes and hybrid course availability were associated with higher satisfaction when compared to offline-only courses. In the case of the biological sciences, mathematics, and chemistry departments, instructor experience was found to play an important role in determining satisfaction. Associate professors only received higher scores among full-time instructors compared to part-time lecturers in the departments of biological sciences and chemistry. The estimated coefficients for class size were found to be negative, albeit not statistically significant, in the biological sciences and mathematics departments. Hybrid course availability was found to have a significantly positive effect in all four departments. These findings may be summarized as follows: While laboratory courses may affect course satisfaction negatively or positively in the case of the basic science and mathematics courses offered by the four departments considered here, feedback-related factors such as faculty experience, smaller class sizes, and hybrid online/offline courses were positively associated with higher student satisfaction. Meanwhile, the estimation results for each department suggested that, even among basic science and mathematics courses, different factors affected course satisfaction depending on the specific department or major. These findings imply that each department should improve the contents of the basic science and mathematics courses offered. In particular, considering the substantial role that feedback plays in determining satisfaction in physics courses, it may represent a means of alleviating students' aversion to studying physics and of encouraging students to pursue science and engineering after graduation. 
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Discussion
The coexistence of theory classes and laboratory practice is a central feature of science education and rarely occurs in other major fields of study. Abundant benefits stemming from learning activities in science fields come from laboratory/experiments. Accordingly, research has been conducted thus far on the use of resources, tools, teaching methods, and so on, to improve the satisfaction and academic achievement of students in science education [52] . A number of studies have reported that, for instructor-student interaction in science courses, classroom atmosphere and teaching delivery methods can impact the learning environment's effectiveness at promoting academic achievement or inducing positive satisfaction in courses [45, 82] . Laboratory practices provide students and instructors with the opportunity to participate in and carry out collaborative work together. This experience allows students to solve problems and enhance their understanding [42] . This is one of the most significant learning outcomes in introductory or basic science courses.
Although there are pros and cons associated with the various experimental methods as an effective means of improving student achievement in science courses, existing studies suggest that experiment methods include the instructor's role in stimulating students with questions to resolve specific problems and in providing feedback to students [39] [40] [41] [42] [43] 83, 84] . However, it is very difficult to grasp the interactions occurring in classrooms through the natural experimental environment, and most previous studies have focused on the development and verification of teaching methodologies [35, 36, 83, 84] . Therefore, the present study conducted an empirical analysis of the relationship between class environment and students' reactions to examine how the learning environment (as it relates to interaction in both theory and laboratory basic science courses in college) influences students' satisfaction with those classes. There are many factors related to interaction in the classroom, and, in the present study, we focused on class size, teaching delivery, and instructor characteristics, all of which were presented as feedback factors in previous research [12, 54, 61, 62, [65] [66] [67] . According to the results of our analysis, we found that, among the basic science subjects and particularly in laboratory-based classes, three things had a positive influence on student satisfaction: small class size, the hybrid course form, and teaching by full-time instructors who were highly experienced or had a strong sense of responsibility. Therefore, the following should be considered for formative feedback to improve student learning and to create an effective learning environment.
First, laboratory practice subjects can provide high-quality learning opportunities in a small class environment. Although it is well known that teaching becomes more effective and student satisfaction increases as the size of the class reduces [12, 54] , lecture size has no influence on students' satisfaction in sciences theory classes, unlike in laboratory practices; students' interaction with instructors is of great importance in the laboratory environment, where students participate directly in the practice subjects and where immediate feedback should be provided regarding any incorrect procedures or areas that need improvement. Even when large-sized lectures are implemented, having a tutor or making effective use of tools such as video may help allow students to receive appropriate feedback [85] .
Second, online and offline parallel classes are one teaching method that can compensate for limited instructor feedback. One reason is that the online portion of the class enables students to become familiar with the class content and laboratory experiment processes before the class and thus to prepare for active participation by understanding the main steps that will be required in an experiment. Moreover, it is important to ensure that appropriate feedback is provided for various constraints and difficult tasks in laboratory practice subjects, and the online platform may be productive as an auxiliary means, as opinions can be quickly provided through online bulletin boards, e-mails, intranet websites, and so on.
Third, assigning full-time professors with a lot of teaching and research experience is necessary for laboratory-based classes. The experience and research studies gained during the teachers' period of service better positions full-time professors to grasp the extent of students' learning immediately and improve teacher-student communication. Furthermore, continuous research activities are very important to enable teachers to apply new information, changing trends, and creativity in their laboratory practices. The tendency to keep up-to-date and professionally curious is common in full-time professors, and, as the lecture satisfaction scores are related to the personnel-related issues of full-time professors, this professional vigor can encourage active communication and thus boost student satisfaction [7, 17, 24, 25 ].
Conclusions
The objective of science education is to impart theoretical knowledge to students and to instill in them a scientific mode of exploration and spirit of inquiry through various experiments and hands-on learning. Since laboratory classes seldom play a part in the more theory-centered courses of the humanities, laboratory work may be seen to be a nearly unique feature of science education. Despite this, almost no previous studies have empirically analyzed the factors that determine course satisfaction in science education-in particular, the effects of student feedback in theory and laboratory classes. In this study, we used student evaluations data from the basic science and mathematics courses offered at a competitive university in South Korea from 2012 to 2015 to comparatively analyze how faculty, student, and course characteristics influenced students' satisfaction with theory and laboratory classes. In particular, we focused on factors that facilitated instructor-student communication and feedback such as class size, instructional form, instructor experience, and instructors' sense of responsibility to examine how they affected students' course satisfaction.
The analysis of the results demonstrated that although laboratory classes for basic science and mathematics courses in the College of Science had lower satisfaction scores compared to those for theory classes, feedback factors (instructors' rank, class size, and instructional form) that had no significant effect in theory classes played important roles in laboratory classes. There are several notable points.
First, smaller classes were found to be more effective in the case of laboratory classes, suggesting that, unlike theory classes where the material is conveyed in a one-sided manner by the instructor, laboratory classes rely more heavily on student participation, thus underlining the importance of an educational environment that facilitates bilateral teacher-student communication. Therefore, the educational environment of a large-sized class may be improved by subdividing it into smaller groups or designating teaching assistants for laboratory sessions to facilitate feedback.
Second, instructors with more experience were associated with higher student satisfaction, as were full-time instructors compared to part-time lecturers. Given the characteristics of science education, which involves the use of laboratory experiments based on a theoretical foundation, these results suggest that the highest-rated instructors are those who spend more time doing research, thus underlining the importance of expertise and experience. Empirical analysis results show the importance of having knowledgeable and experienced instructors, particularly in laboratory classes, as there is an inherent mechanism in the science laboratory educational environment by which the instructors' expertise and experience are delivered to students.
Third, we found that the availability of online platforms to supplement offline classes and provide an additional mechanism for the exchange of feedback regarding course materials and homework assignments played a substantial and positive role in the students' course evaluations. In the case of laboratory classes, instructor-student feedback is important for online platforms to be valid and effective. Instructors were able to assess students' proficiency immediately and were required to take part in instructor-student interactions and feedback sessions; therefore, it is important to make greater use of supplementary platforms for active learning, and not as a substitute for offline courses. A key benefit of online platforms is that they can be easily accessed, updated, and verified in real-time.
In this study, we analyzed the factors determining student satisfaction with courses offered by the College of Science. Our findings can inform future efforts to improve the quality of education by providing students with educational services that better suit their needs. The improvement of basic science and mathematics courses may be a means of highlighting the importance of education in physics and the other sciences in engineering, particularly because of their foundational role in cutting-edge technologies. Basic science and mathematics courses include an element essential to learning in other fields, including higher-level learning in engineering. In this study, we demonstrated the effect of instructor-student interaction on student course satisfaction as an output of macro-engineering laboratory and theory courses. Considering that feedback presents one of the simplest and most potent means of reinforcing academic achievement [86] , this study is significant in that it included such feedback-related factors in its analysis. These results are linked to the demand for knowledge in STEM education, the student's educational performance, and the labor market performance needed to establish a sustainable system in engineering education. This study also generated implications regarding the facilitative role of instructors and the educational environment, depending on the characteristics of theory and laboratory-based classes.
